A spectrum of mitral valve disease was noted in 71 % of 163 specimens with transposition of the great arteries. At one end of the spectrum were hearts with normal mitral valve, except that the free margin of the anterior leaflet was shortened; at the other end were specimens with underdevelopment of the space between or behind the papillary muscles of the left ventricle. In additional specimens the anterior leaflet was indented and attached by chordae tendineae to the ventricular septum.
Additional Indexing Words
Mitral stenosis Chordae tendineac Double orifice mitral valve Papillary muscles, left ventricle I NCREASING NUMBERS of patients with transposition of the great arteries (TGA) are undergoing successful correction with Mustard's procedure. Although a success rate of over 90% has been reported,'-' a knowledge of all associated lesions is necessary if a high survival rate for the operation can be expected.
In a recent paper we identified a spectrum of anomalies of the mitral valve in specimens with coarctation of the aorta.' In the present study we report a spectrum in specimens from patients with TGA. At one end of the spectrum were hearts with normal mitral valve, except that the free margin of the anterior leaflet was shortened. The other end of the spectrum was comprised of hearts with underdevelopment of the space behind or between the papillary muscles of the left ventricle, i.e., formes frustes of parachute mitral valve.' In additional hearts the indentation in the anterior leaflet adhered to the ventricular septum in the left ventricular outflow tract.
Materials and Methods
Heart specimens with TGA were reviewed from the collections of the Hospital for Sick Children, London, and the Johns Hopkins Hospital, Baltimore. In each case Mustard's operation might have been used for correction since specimens with endocardial cushion defect, single, hypoplastic, double outlet or double inlet ventricles, coarctation of the aorta, interrupted arch of the aorta, and tricuspid atresia were eliminated.
The mitral valves were considered normal if their anatomy was similar to that of the mitral valves in 18 normal hearts obtained from patients comparable in age to those reported in this study (newborn to seven years of agetable 1), which met the following criteria:'-" In a normal left ventricle the two papillary muscles arise opposite each other, from points about two-thirds of the way from the basal to the apical end of the left ventricular wall, as continuations of interlacing trabeculae carneae. Some protrude freely into the left ventricular cavity with few or no trabecular attachments; in others trabecular bridges tether the muscle to the wall over most of its length, or the muscle is bifid, trifid, or even a row of muscles attached to the left ventricular wall over a wide base. The tip of each muscle is freely differentiated from the wall and both papillary muscles receive chordae tendineae from both mitral valve leaflets. The chordae tendineae are stout cords of fibrous tissue that radiate away from the tip of the papillary muscle to attach it to the valve leaflets. The majority of the chordae tendineae branch either soon after their origin or just before their insertion into the commissures or free edges of the valve leaflets, or into the rough and basal zones on the underside of the leaflets. The mitral valve leaflets are mobile fibroelastic tissue fashioned into a cone-shaped funnel. Antero-lateral and postero-medial indentations extending most of but not all the way to the valve annulus divide it into two major leaflets. The semicircular anterior leaflet has few or no indentations in its free edge; it is almost twice as wide as the posterior leaflet, which has more indentations in its free edge. Each leaflet normally has a central margin, free of chordae tendineae attachments, which can balloon outwards to allow free flow of blood in ventricular diastole; but the free margin of the anterior leaflet is characteristically much wider than that of the posterior leaflet.
In order to determine whether the mitral valve was small, its diameter was compared with that of the tricuspid valve and with the length of the left ventricle in the same specimen. The diameters of the mitral and tricuspid valve recorded as the distance between the base of the right coronary cusp of the aortic valve and the apex of the left ventricle, measured along the ventricular septum. Since fixed specimens consist largely of muscle, caution should be exercised in interpreting measurements because some hearts at autopsy are dilated, whereas others are contracted. This may not only influence the measurements, but some crowding of the papillary muscles and chordae tendineae could conceivably be induced. In this determination we also recognize that the relative size of a valve or chamber may depend upon the presence of associated lesions, particularly intracardiac and extracardiac shunts. Even so, a mitral annulus was considered small if its diameter was less than 0.280 the length of the left ventricle. In relation to a tricuspid annulus, the mitral annulus was considered small if it was less than 0.786 the diameter of the tricuspid annulus, and large if it was more than 1.2.
Results
The 163 specimens of TGA were divided into four groups: those with normal mitral valves, those with normally formed valves but small mitral annuli, those whose only abnormality of the mitral valve was restriction of the free margin of the anterior leaflet, and those with anomalies of the mitral valve. The differences in ages of the patients that comprised the four groups were not statistically significant ( In 38 specimens (23%) the diameter of the mitral annulus in relation to the length of the left ventricular cavity was within normal limits (table 1, fig. 1A ). There were no abnormalities of position or morphology of papillary muscles, chordae tendineae or valve leaflets. In three specimens (all with a ventricular septal defect) the mitral valve was considered large in relation to the tricuspid valve (table 1) .
TCA with Normally Formed Valves but Small Mitral Annuli
In nine specimens (6%) the morphology of the mitral valve was normal but the annulus was small in relation to the diameter of the tricuspid annulus and the length of the left ventricular cavity ( In 54 specimens (33%) the mitral valve was normally formed, except that some chordae tendineae arising from each papillary muscle were attached at the midline of the anterior leaflet at right angles to the plane of the annulus (table 1, figs. IC and 2) so that the free margin of the anterior leaflet was markedly shortened. In 16 of these specimens the diameter of the mitral annulus was small in relation to the length of the left ventricle. Six specimens had small annuli compared to the tricuspid annuli and three (all with a ventricular septal defect) had a mitral annulus that was considered large compared to the tricuspid annuluis (table 1) .
TCA Mwith Mitral Valve Aniomalies
In 62 specimens (38C%o) the mitral valve anomalies were of three basic types: 1) Vicii of left cintricrle sliocitlig a sntia(ll mitral aniiilus ard a calic that is riorrrial/ly formed except for a restricteil freccmiargin of thn aiiterior leofilet fatoron). ITPJ postcro lateral papillary mrnsce; A.PIt: aritero lateral papillary irins lc diameter of the tricuspid annulus, and in five specimens it was considered large compared to that of the tricuspid annulus (table 1) . Three of these five specimens had a ventricular septal defect, and one specimen had a large patent ductus arteriosus.
In 25 specimens the papillary muscles were adjacent to each other, but not in apposition ( fig. IF) . In all but four of these specimens the free margin of the anterior leaflet was restricted as described above. In 31 specimens the two papillary muscles remained separate but were apposed. Since their bases arose adjacent to each other along the lateral wall of the left ventricle (figs. ID, IE, 3) all 31 cases could be considered examples of forrnesfrustes of parachute mitral valve.' In 23 of these 31 specimens accessory papillary muscles guarded the inflow tract of the left ventricle (fig. IE) ; this indicates that one or both of the apposed papillary muscles were probably originally bifid or trifid. In many cases it was impossible to identify with certainty the origin of each column of muscle. In all 31 specimens in this group, free margins were present at tw) or more positions along the edge of the anterior leaflet; each would have permitted some unrestricted flow of blood from left atrium to left ventricle in ventricular diastole ( fig. 3 ). In two specimens (table 1), it was not possible to pass a probe behind either papillary muscle except at right subelavian artery passing behind the esophagus, their basal tips because they were tightly bound to the bicuspid aortic valve, anomalous pulmonary venous ventricular wall ( fig. IG) . Although muscular columns return to superior vena cava, interrupted aortic arch, or bellies could be outlined in both specimens they and redundant tricuspid tissue causing subaortic were fused to the wall of the left ventricle. Both stenosis each occurred in one specimen. specimens had a mitral valve annulus that was small in relation to the length of the left ventricle and nlinicopatholog ical Correlations diameter of the tricuspid annulus (table 1) .
In no case as mitral valve disease suspected on Figure 4 space between the papillary muscles and the ventricular wall ( What is the etiology of congenital mitral valve disease in TGA? In nontransposed specimens the high incidence of coarctation and aortic stenosis has implicated left ventricular outflow tract obstruction during fetal life. Although valvular or subvalvular pulmonary stenoses were common in our specimens (25%, table 1), their incidence was not increased in hearts with mitral valve disease. Another possible etiology is reduction of blood flow into the left ventricle during fetal life so that the apex does not expand, the papillary muscles are apposed, and the free margin of the anterior leaflet is restricted. Although underdevelopment of the space between or behind the papillary muscles could follow a reduction in such flow during the stage of systolic undermining of presumptive valve tissue,'6 17 it is not clear whether changes in flow alone could account for the adherence of the indented anterior leaflet to the ventricular septum.
Mitral valve involvement in patients with TGA and left ventricular outflow obstruction has been identified by angiography18 and at operation'9 and should be increasingly possible with echocardiography. Clinical recognition of this spectrum of anomalies would be particularly useful in the management of infants with TGA who do not develop significant bidirectional mixing at the atrial level after balloon septostomy or atrioseptectomy, since it may further justify early primary correction by Mustard's procedure. 3' 20 
